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This study demonstrates an array-based platform to genotype simultaneously single nucleotide polymorphisms (SNPs) and some short
insertions/deletions (indels) by the integration of the universal tag/anti-tag (TAT) system, liquid-phase primer extension (LIPEX), and a novel two-
color detection strategy on an array format (TATLIPEXA). The TAT system permits a universal chip to be used for many applications, and the
LIPEX simplifies the sample preparation but improves the sensitivity significantly. More importantly, all SNPs and some short indels can be
interrogated in a single reaction with only two fluorescent ddNTPs. The concept of TATLIPEXA is demonstrated for nine SNPs (eight point
mutations and one single-base insertion), and genotypes obtained show a remarkable concordance rate of 100% with both DNA sequencing and
restriction fragment length polymorphism. Moreover, TATLIPEXA is able to provide quantitative information on allele frequency in pooled DNA
samples, which could serve as a rapid screening tool for SNPs associated with diseases.
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nucleotide polymorphisms (SNPs) constitute approximately
90% of all genetic variations. An average of one SNP can be
found in every 1000 to 2000 bases in the human genome [1,2].
SNPs comprise single-base substitutions, insertions, or dele-
tions at frequencies of 1% or higher in the population [3,4].
The common disease–common variants hypothesis postulates
that SNPs in combination may render an individual susceptible
to a particular complex disease [5]. From a list of currently
known SNPs, it is possible to identify a subset of them as
useful markers for the prediction of disease occurrence,
especially for complex diseases with high heritability. Addi-
tionally, SNPs are also known to contribute to differences in
drug responses among individuals [6]. With the rapid
accumulation of knowledge of such association, personalized
prevention and treatment regimes will become a reality in the
future [7]. The significance of SNPs is also underscored by
efforts to develop the third-generation SNP-based genetic0888-7543/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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phism (RFLP) and microsatellite maps [8–10].
Currently there is a wide range of genotyping technologies
available [11,12]. Among them, the microarray technology is
one that can satisfactorily fulfill the need for a highly
multiplexed genotyping platform. Advances in technologies
such as oligonucleotide synthesis and high-precision robotic
microarrayers have enabled the miniaturized solid-phase
microarray to interrogate thousands of SNPs simultaneously.
In general, there are two categories of microarray-based
genotyping methods. One is dependent solely on sequence-
specific hybridization between complementary DNA strands
[13]. However, the allele discrimination power of such approach
is limited [3,14]. The other category consists of enzyme-
mediated methods, such as DNA polymerase [15,16], ligase
[17], and endonuclease [18]. Among them, solid-phase single-
base primer extension (minisequencing) using DNA polymer-
ase is the most powerful. Gene-specific probes are immobilized
on the chip and will anneal just 5V of the polymorphic nucleotide
of interest on target DNA. They are then extended by
fluorescent ddNTPs and detected. With this approach, remark-
able improvements have been made in terms of sensitivity and6) 151 – 157
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For instance, the chips are usually custom-made by spotting
gene-specific probes for the SNPs of interest. If one or a few
SNPs need to be included or removed, a fresh chip has to be
spotted with the new combination of probes. This inflexibility
has been overcome by the introduction of the universal tag/anti-
tag system (TAT), which allows ‘‘homing’’ of any gene-specific
sequences to particular anti-tags (probe) on the chip via their
artificial tags [3,19]. In this way, universal chips can be prepared
in bulk and used for any combination of SNPs later. Another
limitation of solid-phase primer extension is the reduced
efficiency when many sequences are involved. From our earlier
studies, we encountered many SNPs that randomly failed to be
genotyped. This is most likely due to limited molecular reaction
space for probe–target hybridization (steric hindrance effect),
especially in the presence of a large amount of long targets. This
problem has been addressed by performing primer extension in
the liquid phase in a cyclic manner (liquid-phase primer
extension or LIPEX) [3]. In this way, the need to generate
single-stranded targets is also obviated. In solid-phase plat-
forms, it is usually necessary to run a second PCR with one
primer to produce single-stranded targets or carry out alternative
approaches such as asymmetric PCR or digestion of one strand
by DNA exonucleases. In any case, these approaches are
inefficient, tedious, or not cost-effective.
Another problem associated with conventional solid-phase
primer extension is the choice of fluorophore for distinguish-
ing the four ddNTPs. If only a single fluorophore is used for
all four ddNTPs, four separate extension reactions would have
to be performed in a parallel manner, one for each ddNTP.Fig. 1. Schematic representation of two-color strategy as exemplified by analysis o
lines and antisense strands by thin lines. Polymorphisms using the same tag sequenc
for the alternate alleles are represented by zigzag lines.Alternatively, if four fluorophores are used to label the
ddNTPs, only a single reaction is required. However, the
problem of cross talk (overlapping fluorescent signals)
becomes an issue because it is difficult to select fluorophores
that emit at sufficiently different wavelengths or have filters
in scanners that can discriminate the smaller differences in
emission wavelengths. To overcome this problem, we have
devised a novel two-color detection strategy and integrated it
into TAT and liquid-phase prime extension systems so that it
can interrogate all types of SNPs and some short insertion/
deletion polymorphisms in a single reaction with only two
fluorescent ddNTPs. In principle, only six possible types of
base substitutions exist in SNPs: C Y T or T Y C, A Y G
or G Y A, A Y C or C Y A, G Y T or T Y G, C Y G or
G Y C, and A Y T or T Y A (Fig. 1). C Y T (T Y C) is
one of the most common types and as such, both alleles can
be genotyped with one extension primer bearing the same tag
sequence and extending with Cy5–ddCTP and TAMRA–
ddUTP (Fig. 1a). As for A Y G (G Y A) SNPs, the
extension can also proceed with Cy5–ddCTP and TAMRA–
ddUTP if the extension primer is designed with the
complementary sequence of the target (Fig. 1b). With A Y C
(CY A) or GY T (TY G) SNPs, two extension primers from
both DNA strands are required so that they can be extended by
Cy5–ddCTP and TAMRA–ddUTP (Figs. 1c and 1d) with both
extension primers tagged with the same anti-tag sequence. The
more challenging SNPs for our strategy are CYG (GY C) and
AYT (TYA), although they are less commonly encountered.
For instance, the detection of the C allele of CY G (GY C) is
straightforward because Cy5–ddCTP can be incorporatedf the heterozygote of all kinds of SNPs. Sense strands are represented by thick
es are represented by wavy lines, while those requiring a different tag sequence
Fig. 2. Evaluation of the specificity of TATLIPEXA using synthetic targets.
Each array consisted of 10 clusters of 2  2 spots, with each cluster
representing one SNP except for the 8th and 10th, both of which were dedicated
to the LCAT indel. (A) Synthetic targets bearing the C allele to simulate
homozygous C targets. Only Cy5–ddCTP was specifically incorporated into
the extension primers (upper half). (B) Synthetic targets bearing both C and T
alleles to simulate heterozygotes. All extension primers were specifically
extended by both Cy5–ddCTP (upper half) and TAMRA–ddUTP (lower half).
(C) Synthetic targets bearing the T alleles to simulate homozygous T targets.
Only TAMRA–ddUTP (lower half) was specifically incorporated into the
extension primers.
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cannot be distinguished simply by designing another extension
primer from the complementary strand because it will be another
Cy5–ddCTP that is incorporated. One solution is to design
another allele-specific extension primer if the nearest neighbor-
ing nucleotide downstream of the G allele is A or T so that
TAMRA–ddUTP can be introduced. Alternatively, the exten-
sion primers can be tagged with two different universal
sequences. Even though both extension primers are extended
by Cy5–ddCTP, the discrimination between C and G alleles can
still be carried out because the signals can be addressed to
different sites on the chip (Fig. 1e). These strategies can also be
applied to the base calling of A Y T (T Y A) SNPs (Fig. 1f).
Thus, all types of point mutations are covered by our two-color
strategy. These strategies can also be applied to some short
insertion/deletion polymorphisms. For example, the LCAT
variant included in this study is a C insertion. Without the
insertion, the subsequent base polymorphism is G. Thus, the
strategy for C Y G (G Y C) SNPs was applied. As a proof of
concept, we demonstrate this strategy by genotyping a panel of
nine SNPs and evaluating it with DNA sequencing and RFLP.
Although this system is currently used for genotyping coronary
artery disease candidate genes, it can be easily adapted for any
gene of interest from other diseases or those involved in drug
metabolism.
Results
DNA sequencing
A total of 72 genotype results were obtained by DNA
sequencing from the nine polymorphisms among eight subjects
(data not shown). These data serve as the standard for the other
two genotyping methods.
RFLP
In comparison with the reference data from DNA sequenc-
ing, no discrepancy was found using RFLP among all 72
genotypes (concordance rate of 100%, data not shown).
Two-color TATLIPEXA
As shown in Fig. 2, all three synthetic target pools were
specifically genotyped by our two-color TATLIPEXA. The
first pool consisted of only the C or G allele of all
polymorphisms and was genotyped with Cy5–ddCTP (Fig.
2A, upper half). The second pool contained all C, G, A, and T
alleles. Accordingly, both Cy5–ddCTP and TAMRA–ddUTP
gave signals (Fig. 2B). The third pool included only the A or T
allele, and as such, only TAMRA–ddUTP could be incorpo-
rated (Fig. 2C, lower half). Two clusters in each array panel
(Fig. 2, columns 8 and 10) were set aside for LCAT insertion/
deletion because its extension primers were tagged with two
different anti-tags. Even though they were both elongated with
Cy5–ddCTP, their base calling could be distinguished by their
distinct addresses on the array.To assess the sensitivity of the TATLIPEXA platform, only
two synthetic targets simulating the C and T alleles of ELN-290
were mixed in varying concentrations for cyclic liquid-phase
primer extension. The ratio of C allele to T allele (C/T) ranged
from 0.01 to 100 (100:1, 100:10, 100:100, 10:100, and 1:100).
With as little as 10 fmol of either allele, a very strong
fluorescence signal was produced (Fig. 3A). When the
logarithm of allele ratios (C/T, x axis) was plotted against that
of signal intensity ratios (Cy5–ddCTP/TAMRA–ddUTP, y
axis), we found the signal intensities were proportional to the
allele ratios (Fig. 3B).
The performance of the TATLIPEXA platform using
genomic DNA samples is shown in Fig. 4A. According to
the cutoff values obtained from the signal intensity analysis, all
72 genotypes were successfully and specifically genotyped in
comparison with DNA sequencing and RFLP. Perfect concor-
dance rates of 100% were obtained among DNA sequencing,
RFLP, and two-color TATLIPEXA, and the scatter-plot
analysis showed three distinct clusters corresponding to the
three genotypes of all polymorphisms (Fig. 4B).
Discussion
The TATLIPEXA platform presents a number of advantages
over existing solid-phase primer extension platforms. With the
introduction of tag/anti-tag system, the main consideration for
chip preparation is shifted to the design of the universal anti-
tags. Essentially, the choices of both the sequence and the
length of the anti-tags are important because higher tempera-
ture favors specific hybridization but reduces intramolecular
structure formation. Although the anti-tags used in this study
were manually designed, they turned out to be very effective as
no cross-hybridization was observed. Guidelines for the design
of universal anti-tags are now available [20] and are very
helpful for array preparation.
Fig. 3. The sensitivity and quantitative features of TATLIPEXA. (A) Synthetic targets corresponding to C and T alleles of ELN-290 were mixed for liquid-phase
primer extension in the ratios of 100:1, 100:10, 100:100, 10:100, and 1:100. The pseudo-colors of the spots represent different signal intensities, with white for the
highest, green for the lowest, red or orange for the intensities in between, and blue for negative. 10 fmol of either allele could be detected. (B) The signal intensities of
images in panel A were analyzed and the logarithm of the signal ratios ( y axis) was plotted against the logarithm of synthetic target concentration ratios (x axis).
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feature of liquid phase has shown a marked improvement in
sensitivity. As little as 10 fmol of synthetic targets can be
detected. As with solid-phase primer extension, the liquid-
phase alternative could also be performed in multiplex format.
However, prior generation of single-stranded targets from PCR
products is not necessary in liquid phase due to its cyclicFig. 4. (A) Genotyping results by two-color TATLIPEXA. The top subarray is the p
genomic samples. In each subarray, the fluorescence signal of the upper row is from
from the signals, the signal intensity ratios of Cy5 against the sum of Cy5 and T
confidence ranges for signal ratios of CC, CT, and TT genotypes were 0.87 to 1.00,
results from the representative nine SNPs among eight subjects. The x axis is the sign
while the y axis is the logarithm of the total signal intensities (Cy5–ddCTP + TAMR
and TT (11), respectively.feature. In fact, both strands of amplicons are required for
many SNPs using our two-color strategy (Figs. 1c, 1d, 1e, and
1f). Consequently, the sample preparation is significantly
simplified with only conventional PCR amplification and
shrimp alkaline phosphatase (SAP) digestion involved. How-
ever, it is very critical to ensure that excess dNTPs must be
completely digested with SAP. Otherwise, nonspecific signalsositive control, the bottom is the negative control, and between them are eight
Cy5, and the lower is from TAMRA. After subtraction of the background value
AMRA signal intensities at each site were calculated. In this study, the 95%
0.33 to 0.58, and 0.02 to 0.11, respectively. (B) Scatter analysis of genotyping
al ratio of Cy5–ddCTP against the sum of Cy5–ddCTP and TAMRA–ddUTP,
A–ddUTP). There are three distinct clusters corresponding to CC (48), CT (13),
Table 1
The universal anti-tags used in this study
Anti-tag Structure and sequence (5VY 3V)
PUniv1 TCGATCCAGTCACGTCGCTATTTTTTTTTTTTTTT-NH2
PUniv2 TAGTACGTAGCTCGCCTTAATTTTTTTTTTTTTTT-NH2
PUniv3 GTGTGGAAGCCAAGTAGACTTTTTTTTTTTTTTTT-NH2
PUniv4 GTGGTCCGGGATTCTCTCTCTTTTTTTTTTTTTTT-NH2
PUniv5 CGGTCTAGAGATTATGACGGTTTTTTTTTTTTTTT-NH2
PUniv6 GCTTTAATGTCGGACGACTTTTTTTTTTTTTTTTT-NH2
PUniv7 CTTCGTGGGTCGTAGTAGGGTTTTTTTTTTTTTTT-NH2
PUniv8 CCTCTTGTGGTCCGATGAGATTTTTTTTTTTTTTT-NH2
PUniv9 GAAATTCAACGAGTTCGACTTTTTTTTTTTTTTTT-NH2
PUniv10 TTGTAGAGTGGTCAGTGGTCTTTTTTTTTTTTTTT-NH2
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extension primers prior to ddNTPs. In this study, ExoI was
included to digest the excess PCR primers. If not removed,
these primers will consume fluorescent ddNTPs since they
could also be extended.
Theoretically it is possible to perform primer extension in a
single reaction using four fluorescent ddNTPs [21] as four-laser
scanners are commercially available. In this way, the sample
preparation and genotyping procedures can be significantly
simplified. However, it is very difficult to choose four dyes for
this purpose without encountering the problem of cross talk.
Moreover, it has been reported that the incorporation efficien-
cies of ddNTPs are different [22]. Given the same amount of
target, the signal intensity of Cy5–ddCTP was relatively
stronger than that of TAMRA–ddUTP (Fig. 3A). When a dye-
swap experiment using TAMRA–ddCTP and Cy5–ddUTP
was performed, the stronger signal was still from Cy5–ddUTP
(data not shown). This implies the fluorophores can contribute
to variations in signal intensities. As such, if normalization of
the differential signal intensities is not carried out, false base
calling may result. On the other hand, if the four ddNTPs are
labeled with only one fluorophore, four separate reactions
would have to be performed. This is not time-and cost-
effective. Moreover, additional computation has to be per-
formed to correct chip-to-chip variability. Some have attempted
to overcome these limitations by using two different cyanine
dyes, but two separate detection reactions had to be carried out
[22,23]. The main novelty of this study is the two-color
strategy, which allows all SNPs and some short indels to be
interrogated simultaneously in a single reaction. As demon-
strated in this study, it is possible to discriminate all six types of
SNP base changes and even indels with the use of only two
fluorophores without cross talk on any two of the four ddNTPs.
We chose Cy5–ddCTP and TAMRA–ddUTP because first,
there is virtually no cross talk between Cy5 and TAMRA, and
second, C Y T (T Y C) is the most common type of SNP. As
there are only two fluorescent ddNTPs involved, the signal
analysis is simplified. It should be noted that the two-color
detection strategy is completely independent of the TAT system
and cyclic liquid-phase primer extension. Without the TAT
system, the two-color strategy can still be applied to solid-
phase primer extension if the gene-specific probes are designed
in the same way as those in liquid phase. Nevertheless,
generation of single-stranded targets is necessary for some
SNPs and the sensitivity may be sacrificed.
The preliminary data also suggested that TATLIPEXA could
potentially provide quantitative information on allele frequen-
cies using pooled DNA. This is especially useful when new
mutations are discovered and their frequencies in the popula-
tion are unknown. This is useful in large-scale association
studies to identify disease-susceptible SNPs quickly. However,
the signal intensities may not be in proportion to the allele
frequencies if the saturation value of the confocal scanner is
reached. Thus, the sample must be pooled and diluted to an
appropriate range.
In conclusion, by the integration of the TAT system and
liquid-phase primer extension, this platform presents a fewadvantages over some existing approaches, which include the
abilities to (1) simplify the target preparation, (2) genotype any
SNP in a single reaction with only two fluorescent ddNTPs, (3)
genotype some short insertion/deletion polymorphisms, and (4)
estimate allele frequencies of pooled samples.
Materials and methods
Samples
Genomic DNA was isolated from peripheral blood leukocytes of eight
subjects by standard phenol–chloroform method [24] and their concentrations
were estimated using the Nanodrop ND-1000 Spectrophotometer (NanoDrop
Technologies, USA).
Oligonucleotides
Five sets of oligonucleotides were used in this study for the following
purposes. Set 1 comprised 10 universal anti-tags initially spotted on the test
chip, see Table 1. Typically a universal anti-tag is a 20-mer artificial sequence
with an amino linker (NH2) at its 3V terminal so that it could be immobilized
through a covalent bonding with the aldehyde group on the chip. A poly(T)
spacer was also included so that it could help reduce steric hindrance effects
(Table 1). Set 2 contained 8 pairs of primers for PCR amplification of nine
target sequences. Seven of these SNPs have been previously published. Only
two are novel variants (ELN-422 and ELN-290) that were identified in our
laboratory. As they are in close proximity on the elastin gene, only 1 pair of
primers was used to produce targets for these two SNPs. This set of primers was
used for generating targets for DNA sequencing and RFLP genotyping. The
sizes of all amplification products ranged from 208 to 723 bp. Set 3 included 18
synthetic oligonucleotides (30-to 70-mers), which simulated all possible target
sequences of two alleles of the nine polymorphisms to prove the concept of
TATLIPEXA. They also served as reference targets for this platform, as rare
genotypes may not be present in the eight human subjects. Set 4 was 9 primer
pairs designed to amplify the sequences flanking the SNP site so that PCR
amplicons for primer extension were restricted to a narrow range between 40
and 50 bp. This was expected to be able to reduce the complexity of target
sequences so that the performance of TATLIPEXA could be improved. Set 5
was 12 extension primers for cyclic liquid-phase primer extension because 2
extension primers were required to introduce different fluorescence for some
SNPs, such as CETP (A Y C) and ENOS (G Y T) (Table 2).
Chip preparation
The ready-to-use CSS-100 silylated slides were purchased from CEL
Association, Inc. Prior to printing, the universal anti-tags (Set 1) were
resuspended to a concentration of 20 AM with ArrayIt microspotting solution
(TeleChem, USA), sodium hydroxide (0.08 M), and TE buffer (pH 8.0)
according to the manufacturer_s instructions. Each anti-tag was spotted on the
chip in quadruplicate with a 2  2 format using the PixSys7200 arrayer
Table 2
SNP profiles and their corresponding restriction enzymes and extension primers
SNPa Restriction enzyme Extension primers for liquid-phase primer extensionb
ApoA1 + 83 (C Y T) [25] MspI xpA1 + 83 AGTCTACTTGGCTTCCACACgttcaggccttgccccaggc
CETP-629 (C Y A) [26] HphI xpCETPA2C TTAAGGCGAGCTACGTACTAcaatgatctcagaggctgtataccc
xpCETPC2A TTAAGGCGAGCTACGTACTAttgatatgcataaaataactctggg
ELN-422 (A Y G) BstNIc xpElnG2A TAGCGACGTGACTGGATCGAtccgggaacacctccgacac
ELN-290 (C Y T) xpElnCT GAGAGAGAATCCCGGACCACgcatttcccgtgagccttagtcaca
NOS3-894 (G Y T) [27] MboI xpENOS CCGTCATAATCTCTAGACCGtgctgctgcaggccccagatga
xpENOST2G CCGTCATAATCTCTAGACCGtgctgctgcaggccccagatgag
F13-564 (C Y T) [28] BsmFI xpFXIII CCCTACTACGACCCACGAAGaacatcaccttctacaccggggtcc
LCAT (C Y G) [29] MspI xpLCAT AAGTCGTCCGACATTAAAGCgctcctcaatgtgctcttcccccc
xpLCAT5C GACCACTGACCACTCTACAAgctcctcaatgtgctcttcccccg
LPLpvuII (C Y T) [30] PvuII xpLPLPvuC2T TCTCATCGGACCACAAGAGGctcaattcaatgtctcttcatcttttag
TGFB-509 (C Y T) [31] Bsu36I xpTGFb509 AGTCGAACTCGTTGAATTTCtctgcctcctgacccttccatcc
a Except for A Y T (T Y A), all SNP variant combinations were included in this study. ELN-422 and ELN-290 are novel polymorphisms of the elastin gene
identified by our group.
b An extension primer is a chimeric oligonucleotide consisting of an anti-tag (uppercase) and a gene-specific sequence (lowercase). The extension primers of each
SNP were tagged with one unique universal sequence, except those of LCAT.
c Genotyping of ELN-422 and ELN-290 by RFLP was performed with the same restriction enzyme, BstNI.
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an array (Fig. 2). After an overnight incubation in a humidified chamber at
37-C, the chip was sequentially washed twice with 0.2% SDS, 2 min; twice
with distilled H2O, 2 min; once with distilled H2O at 95-C, 2 min; once with
sodium borohydride solution (1.0 g NaBH4 in 300 ml phosphate-buffered
saline and 100 ml pure ethanol), 5 min; twice with 0.2% SDS, 1 min; and twice
with distilled H2O, 1 min. After air drying, the chip was ready to use or stored
at 4-C.
Amplification of target DNA
Nine polymorphisms (Table 2) from eight candidate genes were selected
from those that have been studied by our group for their roles in coronary artery
disease. To yield sufficient amplicons for both DNA sequencing and RFLP, the
PCR was set up in a total volume of 20 Al. Typically the reaction mixture
contained 2% DMSO, 2.5 mM dNTPs, 0.2 units of DyNAzyme polymerase
(Finnzymes, Finland), and 20 pmol of each primer. One touchdown PCR
program was run to amplify all targets in an automated thermal cycler
(Biometra) with initial temperature at 95-C (5 min), followed by 20 cycles of
95-C (30 s), 60-C (30 s, 0.25-C/cycle), 72-C (30 s) and another 20 cycles of
95-C (30 s), 55-C (30 s), 72-C (30 s). The amplification was terminated after
elongation at 72-C (10 min).
Genotyping by DNA sequencing
Ten microliters of amplicons was purified according to the QIAquick PCR
Purification Kit protocol (Qiagen, Inc.), and sequencing reaction was carried
out using the BigDye Terminator Cycle Sequencing Ready Reaction Kit (ABI,
USA). Briefly, 1 Al of purified PCR product, 3.2 pmol of one primer, 2 Al of
BigDye, 1 Al of sequencing buffer, and 15 Al of double-distilled H2O were
included in a 20-Al sequencing reaction. The reaction mix was then subjected to
25 cycles of 95-C (10 s), 50-C (5 s), and 60-C (4 min) in a thermal cycler
(Biometra). After precipitation with ethanol, 12 Al of Hi-Di formamide was
added into the sequencing reaction product before being loaded into the ABI
3100 sequencer.
Genotyping by RFLP
Approximately 10 Al of PCR amplicons of each gene was digested with the
appropriate restriction enzyme (Table 2). After an overnight incubation, the
digested fragments were separated on a 2–3% agarose gel incorporated with
ethidium bromide (0.2 Ag/ml) in 1 TBE buffer. The fragments were visualized
and photographed through a UV transilluminator (Mighty Bright, Hoefer
Scientific) and the Polaroid MP-4 camera system.Genotyping by two-color TATLIPEXA
To prove the concept of TATLIPEXA and optimize its reaction conditions,
three synthetic target pools (Set 3) simulating the three respective genotypes of
each SNP were prepared. Cyclic liquid-phase primer extension was performed
in thermal cycler (Biometra) in multiplex format, such that all 12 extension
primers were included in a single reaction. Typically the 15-Al reaction mixture
contained 1 pmol of each extension primer, 1 unit of ThermoSequenase DNA
polymerase (Amersham), 10 pmol of Cy5–ddCTP and TAMRA–ddUTP
(NEN Life Science). The cycling was initiated at 94-C for 3 min, followed by
30 cycles of 94-C for 15 s, 50-C for 15 s, and 60-C for 15 s. Subsequently, 5
Al of the reaction mixture was placed directly on the chip to allow for
hybridization between anti-tags on chip and tags of the extension primers.
Hybridization was carried out in a sealed humidified cassette immersed in a
water bath (55-C, 1 h). The chip was then washed once with 0.2% SDS for 5
min and twice with distilled H2O for 2 min before scanning. The fluorescence
signal from the chip was acquired with ScanArray 5000 (Packard BioScience
Ltd., UK). The laser power was kept constant at 95%, whereas the
photomultiplier tube was typically 80% for Cy5 (633 nm), 85% for TAMRA
(575 nm). For base calling, the signal intensities were measured by QuantArray
3.0 software (Packard BioScience Ltd., UK).
For genomic DNA samples, amplification by PCR was first performed with
Set 4 primers to produce 40-to 50-bp amplicons. Much less dNTP (1 mM) was
used in this process because the sequences to be amplified were much shorter.
Otherwise, substantial amounts of SAP would have to be used to ensure that
excess dNTPswere completely degraded so that only Cy5–ddCTP or TAMRA–
ddUTP could be incorporated into the extension primers. Amplification was also
carried out under one touchdown program, initial temperature at 95-C (3 min),
followed by 20 cycles of 95-C (15 s), 55-C (15 s, 0.25-C/cycle), 72-C (30 s);
another 20 cycles of 95-C (15 s), 50-C (15 s), 72-C (30 s); and a final elongation
at 72-C (5 min). After PCR amplification, 5 Al of amplicons of each gene were
pooled and treated with 1 unit of ExoI to remove redundant primers and 0.5 unit
of SAP to degrade excess dNTPs (37-C for 30 min, followed by 75-C for 15
min). The sample was now ready for cyclic liquid-phase primer extension,
followed by hybridization. Both reactions were carried out under the same
conditions as those of the synthetic target pools. Finally, the chip was scanned
and signal intensity was measured for base calling.
Data analysis
In this study, the signal intensity ratio of Cy5–ddCTP against the sum of
Cy5–ddCTP and TAMRA–ddUTP was calculated to set the cut-off values for
three genotypes. The lower and upper limits of the cut-off value were the 95%
confidence intervals (mean T 1.96  standard deviation) of the mean signal
intensity value for each genotype.
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